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SELF-CLEANING PROCESS FOR ETCHING SILICON CONTAINING MATERIAL 

CROSS REFERENCE 

This appiication !S a continuation in-part ot U.S. Patent Application No. 
09/116,621, entitled "Process for Etching Silicon-Containing Layers on Semiconductor 
5 Substrates," filed on July 16, 1998; and U.S. Patent Application No. 08/969,122, 

entitled "Self-Cleanmg Etch Process," filed on November 12, 1 997-both of which are 
incorporated herein by reference. 


BACKGROUND 

10 

The preseni invention relates to etching a silicon-containing material on a 

substrate. 


In the manufacturing of electronic components, such as integrated circuits 
15 and flat panel displays, silicon-containing layers, such as silicon dioxide, silicon nitride, 

These materials may be etched, for example, to form gates, vias, contact holes, 
Trenches., and/or interconnect lines, in the etching process, a patterned mask of silicon 
dioxide, silicon nitride or etch resistant polymer is formed on the substrate by 
20 conventional lithographic methods. The substrate is placed in an etching chamber and 
portions of the underlying silicon containing layer which are exposed through the mask 
are etched, for example, by an energized gas such as a plasma or a microwave 
activated gas. 

25 In the etching process, a film of etchant residue often forms on surfaces 

around the substrate, for example on the walls, components and other internal surfaces 
of the chamber. It is difficult to clean the etchant residue especially when the 
composition of the etchant residue varies across the chamber. The etchant residue 
mrnpositinn rjpp^^nd*^ upon thp nnmnosition of the orocess aas. the material being 

example, when tungsten siiicide. polvsihcon or other silicon containing layers are 


1 945 P3 


etched., vaporfzed or sputtered silicon-containing species form a large component of the 
etchant residue. In addition, the etch resistant rnateriai may also be partially vaporized 
to form gaseous hydrocarbon or oxygen species that become part of the etchant 
residue. The chemical composition of the etchant residue may also vary considerably 
5 also depending upon the local gas environment, the location of gas inlet and exhaust 
ports, and the spatial geometry of the chamber. The etchant residue is undesirable 
because it can flake off during processing and contaminate or otherwise alter the 
characteristics of the surfaces on which it deposits. 

^0 In a conventional process, the etchant residue is periodically cleaned off 

the surfaces in the chamber. For example, in one method, after processing a batch of 
substrates, a dry-cleaning process is used to clean the chamber surfaces with an 
energized cleaning gas. However, when the energized cleaning gas is not sufficiently 
reactive to the etchant residue, slow and inefficient cleaning rates are obtained; and 

15 when the energized cleaning gas is too chemically aggressive it can erode the chamber 
walls and components. It is also difficult to control the composition and energy level of 

I of thp ptrhant 

residue, uniform cleaning and of chamber surfaces and reduced erosion of chamber 
surfaces. 

20 

in another method, the cleaning gas is added to the etchant gas, and the 
resultant gas composition is energized to both etch the substrate and clean the surfaces 
in the chamber. However, it is often difficult to etch compositionally different portions 
r - _ .u„*.-.^- ro+oe f.c.rin th*:^ rnmhtnpH nas For examole. when etching 

25 p-doped and n-doped regions in the fabrication of p-channel and n-channel CMOS 

transistors in symmetrical matched pairs, it is difficult to etch both doped regions at the 
same etch rates with the combined energized gas. Variations in their etch rates can 
cause the two regions to be etched to different depths. 

ri^a Thus It IS desirable to have an etcning process that may be used to clean- 

erosion of the chamber surfaces It is also desirable for the etching process to etch 


# 
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^-Qi i ipositionatly different regions on the substrate at simtlar etch rates, it is further 
desirable to etch materiai on the substrate wittf a high etching selectivity to a mask or 
underlayer. 

5 SyMMABY 

The present invention satisfies these needs. One aspect of the present 
invention comprises a method of etcning a silicon-containing materiai in a substrate, the 
method comprising placing the substrate in a process chamber and providing in the 
10 process chamber an energized gas comprising fluorine-containing gas, chlorine- 
containing gas and sidewall-passivation gas. 

Another aspect is a method of etching a substrate in a process chamber 
while simultaneously cleaning surfaces in the process chamber, the method comprising 
15 placing the substrate in the process chamber, the substrate comprising a silicon- 
containing material having a plurality of dopant concentrations or dopant types, and 

containing gas, chlorine-containing gas and sidewall-passivation gas, whereby the 
plurality of dopant concentrations or dopant types in the silicon-contaming material, are 
20 etched at substantially similar rates. 

Yet another aspect is a process chamber comprising a substrate support, 
a gas source for providing process gas comprising fluorine-containing gas, chlorine- 
containing gas, anu btuevvdii-pci:3:3!vaLioiM yao, ^ yt^o v., , - — 

25 whereby a substrate received on the support may be processed by process gas 

provided by the gas source, energized by the gas energizer, and exhausted by the gas 
exhaust. 

DRAWINGS 


exemplary features of the invention, it is to oe understood that each of the features can 
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be liseci \n the invention ir^ general, r>nt merely in the context of the particular drawings, 
and tne invention includes any conibination of these features: 

Figure 1 is a sectional schematic side view of an apparatus according to 
the present invention; 

Figure 2 is an exerTipiary illustrative block diagram of a computer program 
suitable for operating the chamber and monitoring a process performed therein; 

Figures 3 and 4 are graphs showing the polysilicon etch rate uniformity 
(1o) and etch rates obtained for different CF,/Ci, volumetric flow ratios; and 

Figure 5 is a graph showing the polysiltcon etch rate uniformity (1(S) and 
etch rate for different flow rates. 

DESCRIPTION 

The present invention is capable of cleaning an etchant residue formed on 
surfaces 51 in a chamber 28 while etching a substrate 24 having compositionally 
different regions at similar etch rates and with a high selectivity to a mask or 
underlayer. Typically, the substrate 24 comprises, for example, a semiconductor such 
as silicon, a compound semiconductor such as gallium arsenide, or a dielectric such as 
silicon dioxide. Silicon-contatning material, such as silicon dioxide, silicon nitride, 

polysilicon, metal siiiciae, anu tnunuui idinnc :3!hov_.h, in^y ...^ ^ 

24. The substrate 24 is etched with an energized gas, such as for example, a 
dissociated gas or a plasma, that comprises cleaning components that clean - by 
removing or preventing the formation of -- etchant residue on the chamber surfaces, 
and the etchant gas components etch the substrate 24. 


accordina to the present invention comprises a fluonne- 


discovered That this combination of gases ts capable of etching compositionally 
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Hifferent regions on the s!]hp,traTB 24 at sirTiilar etcf* ratps wl^Me also cleanincj the 
etchant residue deposited on adjacent chamber surfaces 5 1 at efficient cleaning rates 
and with reduced erosion. The fluorine-containing gas contains elemental fluorine (F) 
and may also contain other elements. For example, suitable fluorine-containing gases 
include NF,, CF4 and SF^. These gases have a high ratio of fluorine to other species 
which may provide tn a relatively large quantity of dissociated or ionized fluorine 
species in the energized gas. The fluorine species cleans the etchant residue on the 
chamber surfaces. The fluorine species also causes less erosive damage to the 
chamiber surfaces com.pared to conventional plasma cleaning processes. .A preferred 
fluorine-containing gas comprises CF., which provides good cleaning etchant residues 
on chamber surfaces, especially etchant residues containing oxide species such as 
silicon dioxide. 

The chlorine-containing gas contains elemental chlorine (CI) and may also 
contain other elements. It is believed that the chlorine-contatning gas functions as the 
primary etchant for etching the sihcon-containing material on the substrate 24. The 

chlorine-containing species that etch silicon-containing material. For example, 
polysilicon is etched by chlonne-containing ions and neutrals to form volatile SiCI, 
species that are exhausted from the process chamber 28. The chlorine-containing gas 
can comprise CI., or other chlorine-contammg gases that are equivalent to chlorine, for 
example, HCI, BCI and mixtures thereof. For etching polysihcon, CI. is preferred 
because it provides good etching rates. 

The process gas further comprises a sidewalt passivation gas which 
provides gaseous or condensate species that form passivating deposits upon the 
sidewalis of freshly etched features. Suitable sidewali-passivation gases, include for 
example, nitrogen, hydrogen and carDon monoxide; of which nitrogen is preferred. 
Generally the volumetric flow ratio of f luorine-containing gas and chlorine-containing 
na«^ tn sidewall passivation aas is from about 1 : 1 to about 10:1 . This ratio provides a 

e f f i c 1 e n c:: y 
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Ttie process gas is also substantially absent a bromine conraininn gas. The 
bromine-containing gas reduces the formation of hydrocarbon etching deposits 
formation on chamber wail. Hydrocarbon based polymer can be formed when HBr is 
mixed with CF, for example. The presence of such polymer formation has senous 
5 impact on process performance and chamber wall environment. The absence of 

hydrogen bromme reduces the constraints m balancing between the process on wafer 
results and chamber wall deposits. It has been discovered that the presence of a 
bromme-containing gas in the process gas mixture, such as for example, HBr, Br, or 
CH.Br, can reduce etching uniformity, especially when etching compositionaliy different 
10 matenals on the substrate. It has been discovered that the bromme-containmg species 
that are formed in the energized process gas from the brom.ne-containing gas. etch the 
compositionaliy different regions of the silicon-containing material in the substrate at 
widely varying etching rates. This is because the electron affinities of compositionaliy 
different regions of substrate (for example, that contain different levels or types of 
1 5 dopants) can widely differ. It ,s believed that this difference in electron affinity more 
strongly affects the rate of etching provided by bromine-containing species. Thus, 
aoaiiiy a uru(iuiife-'..oiUaifiir.g yas i.;.. ij^^.- :j<^-- 

compositional variations in the substrate, and consequently, a more pronounced 
difference in etching rates across these portions of the substrate. 

20 

In contrast, it has been discovered that the smaller and more reactive 
fiuonne-contain.ng species provides more uniform etching rates for the compositionaliy 
different regions. The volumetnc flow ratio of fluonne-containing gas to chlorine- 

allv different 

containing gas also controls tne uniiunnuy ui cii. y - - 

25 regions on the substrate. This is because the fluonne-containing species are less 
susceptive to the differences in electron affinity of the compositionaliy different 
regions. Thus, increasing the fluonne-containing gas provides less sensitivity towards 
different doping composition, while an increased volume of chlorine-containing gas 
provides more sensitivity to the doping composition. The ratio of the fluorine- 
„,, ,,,,,,^^ tho .^hi-r,np-r^nnt;,ininn oas IS controlled to provide etching rates for 

The COmuoSitiOnaiiV Ullieieiii leyiuiio Li.ui J., -- ■•, ■ 

substantially similar or equal The volurT,etric flow ratio of the fluorine containing gas 


to the d.lu.ine containing gas and the other gas constituents also controls nieaninq of 
tne eicnant residue, the higher the content of the f luonne-containmg gas the inoie 
eftective is the etchant residue cleaning, it has been discoverea that a suitable 
volumetric flow ratio of fluorine-containing gas to chlorine-containing gas that provides 
5 high etching uniformity and good etchant residue cleaning rates, is from about 2:1 to 
about 8:1 . The volumetric flow ratio of fluorine-containing gas to chlorine-containing 
gas also controls the shape or profile of etched features. For example, increased 
chlorine content provides etching of features having a more reentrant profile and higher 
etch rates. For etching features having an anisotropic profile in polysilicon, a suitable 
1 0 volumetric flow ratio of fluorine-containing gas to chlorine-containing is from about 3: 1 
to about 7:1, and more preferably is about 5:1. 

While the process gas of the first or main etching stage is absent a 
brom.ne-containing gas in the process gas mixture, such as for example, HBr, Br or 
1 5 CHjBr gas, to provide better cleaning efficiency and to etch the compositionally 

different regions at similar etch rates; it has been further discovered that when the 

optionally, a second energized gas composition may be used to etch any remaining 
portion of material left on the substrate, after the first or main etching stage. In the 

20 second stage, when for example, polysilicon overlying silicon dioxide is being etched, a 
second gas composition that includes a bromine-containing gas in the process gas 
mixture, such as for example, HBr, Br or CH .Br gas, may be advantageously used. In 
one composition, the second energized gas composition comprises HBr and one or more 
of C!2, He-Uv ana UI-4. 1 nis yab uui tipu^i nui 1 pi^v.^i^^o ^^^^ ^ -r 

25 etching polysilicon over silicon dioxide, thereby reducing over-etching of the underlayer 
when the polysilicon is nearing completion of etching. 

The first or second process gas may be energized by coupling 
electromagnetic energy, such as RF or microwave energy, to the process gas. This 
or^ Up ^..^o Kw ,r.H,irt,x/plv rounlmn RF enerav to the qas in a process zone or in a 
remoie zone [iwai uioloi ;;^i:: j.,.. . .. 

sucn as an inductor antenna. In addition, or as an alternative, the process gas may be 


• 
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energized by capacitively coupling RF Rnergy ?o the ga^ Iw n-oress electrodes that are 
electrically biased relative to one another. In yet another example, the gas may be 
energized by applying microwave energy to trie gas in a remote zone or in the process 


zone. 


An apparatus 20 according to the present invention that is suitable for 
etching the substrate 24 is schematically illustrated in Figure 1. Generally, the 
apparatus 20 comprises a chamber 28 having a process zone 30 for processing a 
substrate 24 and a support 32 to receive the substrate 24. Process gas may be 

10 introduced into the chamber 28 through a gas supply 34 comprising a gas source 36, 
gas outlets 38 located around the periphery of the substrate 24 (as shown) or in a 
showerhead mounted on the ceiling of the chamber (not shown), and a gas flow 
controller 40 is used to control the flow rate of the process gas. Spent process gas 
and etchant byproducts are exhausted from the chamber 28 through an exhaust 42 

1 5 comprising roughing and turbomolecular pumps (not shown) and a throttle valve 44 
may be used to control the pressure of process gas in the chamber 28. 

An energized gas or plasma is generated from the process gas by a gas 
energizer 46 that couples electromagnetic energy, such as RF or microwave energy, to 
20 the process gas in the process zone 30 of the chamber 28, such as for example, an 

inductor antenna 48 comprising one or more coils powered by an antenna power supply 
50 that inductively couples RF energy to process gas in the chamber 28. in addition or 
as an alternative chamber design, a first process electrode 51 such as an electrically 

. . .. , f .1. . „i 1 oo - r-n/^r>r-.rl a[ontrr\rin R9 <;iirh as an 

grounded siaewaii or ceniny ui me i^naniijci .v.i ^ ^^^^..^ 

25 electncally conducting portion of the support 32 below the substrate 20 may be used 

to further energize the gas in the chamber 28. The first and second electrodes 51, 52 

are eiectncally biased relative to one another by an RF voltage provided by an electrode 

voltage supply 54. The frequency of the RF voltage applied to the inductor antenna 48 

and/or to the electrodes 51 , 52 is typically from about 50 KHz to about 60 MHz. 


monitor the process being performed nn the substrate 20. The process monitoring 


10 


syste.n 56 may rnonito,,, for example, an emission fror.. a p!3sma generatfiri mside the 
chamber 28, the plasma emission being generally muitispectral, i.e., providing radiation 
having multiple wavelengths extending across a spectrum, in addition, quartz crystal 
microbalance (QCM) 58 may be used to determine the amount of etchant residue 
deposited on chamber surface during the etching process. Generally, the microbalance 
58 is a piezoelectnc plate that changes capacitance when etchant residue is deposited 
on the plate. The microbalance 58 is mounted on an internal surface in the chamber 
28, such as a chamber sidewall, and connected to a QCM computer 60 outside the 
chamber 28. 


To perform the process of the present invention, the substrate 24 is 
placed on the support 32 in the chamber 28, and the chamber 28 is evacuated. 
Process gas is introduced into the chamber 28 by the gas delivery system 34, and the 
gas flow controller 40 and throttle valve 44 are adjusted to maintain the desired gas 
1 5 flow rates and pressure in the chamber 28. The gas energizer 46 forms an energized 
process gas that processes the substrate 24. Typically, process gas is energized by 

d p p ! y S I "iy c1 H \ S U U ( ^J^^ ^'v ■ ■ v' t: ■ ...... : ...1 1- - - -St.-.'.: 1 ■ ■ ■ 

power level of about 5 to 500 Watts. 

20 The chamber 28 is operated by a controller 100 that executes a 

computer-readable process control program 102 on a computer system 104 comprising 
a central processor unit (CPU) 106, such as for example a 68040 microprocessor, 
commercially available from Synergy Microsystems, California, or a Pentium Processor 

, ^ .. » _ .„ J-. i~-i^r'^ o ol i + ,-.rr-ii o that ic rr>iini<=ri To 

commercially avaiiaDie trom iniei i^ui pui oliui i, oomio v-.c.o, ,- 

25 a memory 108 and other computer components. The memory 1 08 comprises a 
computer-readable medium having the computer-readable program 102 embodied 
therein. Preferably, the memory 108 includes a hard disk drive 1 1 0, a floppy disk dnve 
112, and random access memory (RAM) 114. The controller 100 further comprises 
one or more controller interfaces card 1 1 6 that include, for example, analog and digital 
rHc mtprfqrp hnards and motor controller boards. An operator 


Gommunicdies vvn.ii ^.^liiiwuc. ; , r - - 

or flat panel monitor, and a light pen 1 20 The light pen 1 20 detects light emitted by 
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the display 1 18 with a iignt sensor u\ tut; tip di uit iIh''^ h-f '^ ^ ^- 

particular screen or function, an operator touches a designated area of a screen on the 
display 1 18 and pushes the button on the light pen 120. Typically, the area touched 
changes color, or a new menu is displayed, confirming communication between the 
5 operator and the controller 100. 

Figure 2 provides an exemplary block diagram of a hierarchical control 
structure of an embodiment of a computer-readable process control program 102 
according to the present invention. The process control program 102 may be stored m 
1 0 the memory 1 08, such as for example, a floppy disk or other computer program 

product inserted in a floppy disk drive 112, hard disk drive 1 1 0 or other appropnate 
dnve. The program 102 may be written in a conventional computer-readable 
programming language, such as for example, assembly language, C' Pascal or 
Fortran. Suitable program code is entered into a single file, or multiple files, using a 

1 5 conventional text editor and stored or embodied ,n computer-usable medium of the 

memory 108 of the controller 100. If the entered code text is in a high level language. 

The coae ib i^ufitpiiea, dwO ti^t; ■ es^^.n^A: ...-j' ' • 

of precompiled library routines. To execute the linked, compiled object code, the user 
invokes the object code, causing the CPU 106 to read and execute the code to perform 

20 the tasks identified in the program 102. 

Generally, the program 102 comprises an input process selector program 
132, a process sequencer program 134, and a chamber manager program 136. Using 

the light pen interface 120, a user may enier a pruueb^ dc., ^....---^ - - 

25 chamber number into the process selector program 1 32 in response to menus or 

screens displayed on the display 118. The process sets are predetermined groups of 
process parameters necessary to carry out specified processes. The process 
parameters are process conditions, including without limitations, gas composition, gas 
flow rates, temperature, pressure, gas energizer settings such as RF or microwave 

all tpmnerature. The chamber number is the 


designated nuniDet or a parucuidi 


1 1 

aiso 


in additiOiK parameters needed to operate the process nionitoring svstem b6 may 
inputted into the process selector progran^ 132. 

The process sequencer program 134 comprises program code to accept 
the chamber type and set of process parameters from the process selector program 
132 and to control operation of the chamber 28. The sequencer program 134 initiates 
execution of the process set by passing the particular process parameters to a chamber 
manager program 136 that controls multiple processing tasks in a chamber 28 and 
typically includes a process cham.ber program 124 and a process monitoring program 
1 26. The process chamber program 1 24 includes program code to set the timing, gas 
composition, gas flow rates, chamber pressure, chamber temperature, RF power levels, 
support position, heater temperature, and other parameters of a particular process. 
Typically, the process chamber program 124 includes a substrate positioning program 
138, a gas flow control program 140, a gas pressure control program 142, a gas 
energizer control program 144, and a substrate temperature control program 146. 
Typically, the substrate positioning program 138 comprises program code fur 
...,;itraiii:)y .:na:nuer ...... :n ^ r.^.^: u ..r:.:-: k - - 

support 32 and optionally, to lift the substrate 24 to a desired height in the chamber 28 
to control the spacing between the substrate 24 and the gas outlets 38 of the gas 
delivery system 34. The gas flow control program 140 has program code for 
controiiing the flow rates of different constituents of the process gas. The gas flow 
control program 140 may also control the open'ciose position of the safety shut-off 
valves, and ramp up/down the gas flow controller 40 to obtain the desired gas flow 

_ . ,, n-. ___..-„^i_^„^^^^i/inr^ov/ Ko iicoH to cipif thp finw rates 

rate, hor example, ine yas nuw uumliui ^^loyia... . -rw ...^y ^^^^ ^ - 

of the different gases or to exclude particular gases from the gas composition. The 

pressure control program 142 comprises program code for controlling the pressure in 

the chamber 28 by regulating the aperture size of the throttle valve 44 in the exhaust 

system 42. The gas energizer control program 144 comprises program code for setting 

low and high-frequency RF power levels applied to the process electrodes 51, 52. 

nnrir>n:^Mv tho cnhc^TratP tPmperature control oroqram 146 comprises program code for 
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20 


25 


1 2 

32 and substrate 20; or the liow raie ana tt^n tp^ra ...,.a 

support 32 

The process monitoring program 126 comprises program code that 
obtains sample or reference signals from the chamber 28 and processes the signal 
according to preprogrammed critena. The program 1 26 may also send instructions to 
tne chamber manager program 136 or other programs to change the process conditions 
or other chamber settings. For example, the process monitoring program 126 may 
comprise program code to analyze an incoming signal trace provided by the process 
monitonng system 56 and determine a process endpoint or completion of a process 
stage when a desired set of criteria is reached, such as when an attribute of the 
detected signal is substantially similar to a pre-programmed value. The process 
monitonng program 126 may also be used to detect a property of a matenal being 
processed on the substrate 24, such as a thickness, or other properties, for example, 
the crystalline nature, microstructure, porosity, electrical, chemical and compositional 
charactenstics of the matenal on the substrate 24. Upon detecting an onset or 


. „ ^ , . , , — . K -a nn H o r 


program 126 which sends instructions to the controller 100 to change a process 
condition in a chamber 28 in which the substrate 20 is being processed. The controller 
100 IS adapted to control one or more of the gas delivery system 34, plasma generator 
46, or throttle valve 44 to change a process condition in the chamber 28 in relation to 

the received signal. 

h iptpd hv the 

Referring to higure I, tne aaia siyndia ic^^civc.. 

controller 100 may also be sent to a factory automation host computer 300. The 
factory automation host computer 300 may comprise a host software program 
302 that evaluates data from several platforms or chambers 28, and for batches of 
substrates 20 or over an extended period of time, to identify statistical process control 
parameters of (i) the processes conducted on the substrates 20, (ii) a property that may 
, , .,,,^,;„.,.Hip <=innle substrate 20, or (iii) a property that may 
x/arv in a siatisticai reiationsriip duiu^o a ujol-„.; w - 

program 302 rt.ay also use The data tor ongoing m situ process evaluations or for the 
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1 5 


20 


.-r^rc A < ,ltihlp host software nroqrani comprises a 
control ot other process parameters m suitaD.t, , ,ob. . ^ ■ h 

WORKSTREAM- software program available from atorementioned Applied Materials. 
Tne tactorv automation nost computer 300 may De rurtner adapted to provide 
,nstruct,on signals to U) remove particular substrates 24 from the processing sequence 
for example, if a substrate property ,s inadequate or does not fall within a statistically 
determined range of values, or if a process parameter deviates from an acceptable 
range; (ii) end processing in a particular chamber 28. or (in) adjust process conditions 
upon a determination of an unsuitable property of the substrate 24 or process 
parameter. The factory automation host computer 300 may also provide the 
instruction signal at the beginning or end of processing of the substrate 24 in response 
to evaluation of the data by the host software program 302. 


Examples 


The following examples illustrate exemplary applications of the present 
invention for etching a substrate 24 and cleaning etchant residue off the surfaces of a 

chamber 28, the nivention iridy be useti i;, .jUu- jpp!^^ ■ ^ ' ' 

those skilled in the art, and the scope of the present invention should not be limited to 
the Illustrative examples provided herein. In these examples, a blanket layer of 
polysilicon was etched to expose a thin under.ayer of silicon dioxide on a substrate 24. 
The polysilicon compnsed a plurality of (n or p) doped or undoped regions, and an etch- 
resistant matenal patterned on the polysilicon. The substrates 24 were etched and 
measurements were made to determine the thickness of polysilicon removed by the 
etching process, the thickness of silicon dioxide remaining, etchir^g rates, etch.nn 
uniformity, and the etching ratio selectivity for etching polysilicon relative to overlying 
resist or underlying silicon dioxide. The etch rate uniformity for etching doped and 
undoped polysilicon was determined from: (doped etch rate)/(undoped etch rate). 
Etching rates were measured with an interferometer, such as a Prometnx UV 1050. 
The etch chamber was a DPS chamber from Applied Matenals, Inc., Santa Clara. 


10 


1 5 


20 


25 
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Examples 1 to 3 Absence of HBi 

Table I shows comparative examples 1 to 3 that demonstrate that a 
process gas which ,s absent HBr and which has a suitable volumetnc flow ratio of 
fluorme-contaming gas to chior,ne^conta,ning gas, provides better etching and chamber 
cleaning than process gas containing HBr. Example 1 used a process gas composition 
comprising 100 seem CF„ 20 seem Cl„ and 30 seem N„, a gas pressure of 4 mTorr, a 
source power of 450 watts and a bias power of 70 watts. Example 2 used a process 
gas composition comprising 60 seem Cl„ 120 seem HBr, and 1 6 seem He-0,; a gas 
pressure of 4 mTorr, a source power of 475 watts, and a bias power of 80 watts. 
Example 3 used a process gas comprising 25 seem CF„ 60 seem Cl„ 120 seem HBr, 
and 16 seem He-0,; a gas pressure of 4 mTorr; a source power of 475 watts; and a 
bias power of 80 watts. In these examples, the substrate was maintained at a 
temperature of about 50 C. 

Table I also shows the doped and undoped etching rates as well as the 

ratio ot the doped, unaupeu t^loEiH ly i dieb ■ 

the etch rate ,s highly uniform and the ratio of the doped/undoped etch rate is 1 .01 
very close to the ideal value of 1 . Example 2, which contained Cl„ HBr, and He-0, 
provided etching rates that were less uniform with a doped/undoped etch rate ratio of 
1 . 1 1 Which IS about an 1 1 % difference ,n etch rate. Example 3 which contained CF„ 
Ci . . HBr and He-0, provided etcn rates that were also not very uniform and with a 
doped/undoped etch rate ratio of 1 .09 - about a 9% difference m etch rates. 


Table I 


^ - ; - - Pro7ess"Gas " Doped" Etch Undoped " i "Doped/Undoped 
Z ^ P'^^^^^^"^ Pp^.^ Etch Rate , Etch Rate 


CF, c: : H 


1720 -ZpO l_ _ _ 


HBr.HeO j _ _ ^077 _ _ 1844 


1 I 1 


# 
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Table i demonstrates that prior art etchmg gas co>,.pu.,..u, ,s ...n. 

,-ontammg gas, such as HBr, provide s,gn,f,cant differences ,n etching rates of 
doped/undoped polysilicon on a substrate. In contrast, a process gas which is aPser.t 
HBr provides unexpectedly uniform etching rate uniformity for etching doped/undoped 
polysilicon, high etching rates for the polysilicon, and a clean chamber environment. 

E_xample.4: Unifprrriity f or Derise & IsM^^^^ 

Table II demonstrates that the uniform etching rates obtained for both 
dense and isolated feature regions on a substrate. In this example (4), the process 
parameters were 100 seem CF. 20 seem CI. and 30 seem N,; gas pressure 4 mtorr; 
source power 450 watts, bias power 70 watts; and substrate temperature 50 "C. The 
critical dimension (CD bias) uniformity (at one sigma standard deviation) demonstrates 
that less than 3 nm of the CD bias for different features in dense and isolated regions 
and different line widths (0.18 or 0.25 microns) can be obtained. The etch rate 
uniformity is also demonstrated for features at both the 0.18 and tf.e 0.25 micron sizes 
because the same cnticai am tei isiut < ....niro; -u: j^-t-- 

Generally, the etching uniformity factor was about two times better than that provided 

by conventional etching processes. 


Table II 


CD Biasiiiml dense 0 ,18Mm isolated. 0 J 8iim 


Average: u ijvm,^ 

^-loading: 
(isoiated-dense) 
T,S: 0.0029 


0 0034 


dense _0, 25. . __ isolated 0,25|im 


O 0070 


0.0046 


0 0034 


0.0042 


Example 5 J 7 : Etch Rate Unif prmity 

Table 111 shows the polys.hcon etch rate and the etch rate un.forrT.,ty for 


DPS chamber. The process 


variables included gas pressure (4, 1 2 or 20 Torr), source 


16 


r-.r^ fifMA.' latR I'bO or 100 

powpr (600 or 800 watts), bias power i /u oi i wda.. . 

3,, CI flow rate (O 10, 20. 40 or 100 scorn). It ,s seer, that the opt,ma, etch 
rate and un,forr..,ty was at about 10.1 to 3:1 volurr^etnc tlow rat,o ot CF, to cnlonne. 


Example ^ Pressure 
No. (mTcrr) 


1 2 


14 
16 


1 7 


_1_2 
'] 2 


Ws 
fWatts) 


20 


60 


(3l M", 


7 


Table III 


CF . 

(.sec 'V.) 


Ci.. 
(sccnV) 


_1 : 

' 1 C ' ■■ 


1 ' 

"l [ ■ 


_20__ 
40 


1. .0 


1 ■ )0 


Polysilicon 
Etch Rate 
i Aniin) 


1161 


16 70 


Etch Rate 
Uniformity 

' i.6 


1 910?^ 
"2 1 27 _ 

"2426 


1 9 


2406 


'482 


2 188 


2J^)__ 
2 7 38 


20 


',974 


20 


80' ) 


2386 


4.3 


2.a_ 

S^4 


2.1 


5 8 


1 .b_^ 
5 '2 ' 


Figure 3 shows the ^ncn rate uM.Torouiy ^OcHo. .u.o ..kohi y .i.- 
.n obtained for increasing volumetric fiow ratios of CF.Cl. and for increasing RF bias 

power This figure plots the results of examples 5 xo 1 1 . m which the source power 

was held at 600 watts and the hehum backs.de gas pressure was maintained at 4 Torr. 

,t IS seen that the 1o initially decreases then gradually increases for increasing CF.,Ct. 

ratio indicating that there is an optimal process window to balance etch rate and 
. . uniformity. In addition, the optimal condition for etch rate and uniformity overlaps with 

the process region where anisotropically etched profiles were obtained. 

As shown ,n Figure 4, the addition of a CI, to a CF, based gas chemistry 
that IS absent HBr had a significant effect on the polysilicon etch rate and uniformity. 
20 The bars represents the etch rate uniformity and tbe ..ne represents the etch rate. This 
f.gure plots the results of examples 12 to 15, in which the source power was held at 

r.a,ntaned at 12 Torr, Addmg 20 seem of CI, (,n 100 seer, ot L.., ..creaseu u,. 


10 


25 
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. .. ,«„.^,rs, frnrti nreater than 5 (lo'i to 
polvs.lir.on etch rate nearly 70"o, ana imt^oved u,,„. , J 

,h,p . M.^ However, further ,ncreas,ng the CI, flow to 40 seem did not change 
,He etch rate but degraded etch rate un.orm.y bac. to about b to 6. These results 
,nd,cate that a balanced CF. to C! , rat,o prov,des both h,gh etch rates as well as good 
etch,ng un,forr.,tv. The optimal gas rat,o also depends on the gas composition. Good 
etch rate uniformity can be obtained w.th CF....C.. gas ratio ranging from 1:1 to .:1 at 
4mTorr, while the gas ratio was limited to around 5:1 at a higher pressure of 12mTorr. 
At higher gas pressure, source power became a dominating factor ,n uniformity control, 
with improved uniformity at a high source power. 

Also for the CF, CI, N, processes, it was found that the ratio of the 
source power level to the bias power level was the mam parameter to improve the 
p.oto.esist etching selectivity ratio, increasing source power to bias power ratio 
,mproved the polysilicon to photoresist etching selectivity ratio about 20%, which 
translated to a loss of about 200 A of photoresist while etching away about 1000 of 
polysilicon. 

Examples 1 8 to. 20:_NLtrpaen Additipn 

AS demonstrated in Table IV and Figure 5, the addition of 20 seem of N, 
to the process gas reduced the polysilicon etch rate and decreased the etching 
uniformity by small amounts. Increasing the flow rate to 40 seem caused the 
polysilicon etch rate to drop by 10o.. However, N, was added to provide sidewall 
passivation source to provide an anisotropieally etched feature p.uf,!.. 

Table IV 


on Etch Rati 


U n ! f o r m 1 1 v 


. , ^ A mini I _ 


18 ^ _o_ 


• 

1 <)4b P3 


rxampie 21: Muitistage Process 


10 


1 FS 


,n Example 21, multiple stages were used to etf.cently and un.tormiy etch 
doped.undoped polvs,l,con on a substrate without etching through a thin underlying 
silicon dioxide layer. In a first etching stage, most of the thickness of the po.ys.licon 
etch-resistant matenal was etched while simultaneously cleaning the chamber of 
etchant residue. The energized gas composition included fluonne-containing gas, 
chlorine-containing gas, and sidewall-passivat.on gas, and was absent bromine- 
containing gas. The main etching stage used the process conditions shown ,n Table V. 
The first stage was stopped before the polys.licon was completely etched through using 
optica, emission analysis ,n which the emission spectra of the energized gas ,n the 
chamber was analyzed to determine a change in chemical composition that 
corresponded to a change ,n chemical composition of the layer being etched. This stage 
provided uniform etching of the compositional.y different regions and also cleaned 
etchant residues from the chamber surfaces. 


Table V 


■Tor- 


Source 
(■.vatis'' 

450 


power 
(i-jatts) 


CF: 0_ 


20 30 _ 


Cathort ■ Wall 


50 


Dome 
Temp- 
"C 

80 


20 


25 


After the first etch, a pump-out stage was performed to exhaust the 

oases used in the mam etch stage from the chamoer zo. .„ ..o,., 

"was pumped down to a low pressure of from about 0.5 mTorr to about 10 mTorr, for 
about 5 to about 1 5 seconds. It ,s desirable to remove the fluonne-containing gas from 
the chamber ,n this stage. Optionally, a low flow of an inert purge gas, such as 
nitrogen was introduced dunng the pump-out stage, to dilute the remaining fluonne- 
containing gas in the chamber 28 and prevent back-streaming of oil from the vacuum 

f.^^. nh^Mt RO to PibouX 100 seem. 


10 


1 5 


20 


25 
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, ^,1^ .-t-i^ir ^■•"^'^ prif formed hi 

Attpr rne oufTip uUi siByj. ^c....^ 
..h,ch the ,e,.ain,ng pCys^l^con was etched. >n the second stage, a second process 
gas conta,n,ng Pron.,ne-conta,n,ng gas, was energ.ed to etch the poivs„,con. ,n th,s 
stage the process gas composmon was altered to provide h.gher etching selectivity for 
etching po.ys.licon over silicon dioxide. In this stage, the composition of the energized 
gas was altered to a gas compnsing, for example, C,, HBr, and He-0.. The volumetric 
f,ow ratio was selected to etch the polysihcon material at high etch rates and at a high 
etching selectivity relative to the underlying silicon dioxide. The source power was 
between 300-800 watts, bias power 20^80 watts, chamber pressure 4-20 mTorr, an„ 
substrate temperature 50 C. 

Thus the multistage process included a first stage in which the process 
gas was absent a Promine-containing gas, such as HBr gas, which provided a clean 
etching process with uniform etch rates across compositional.y different regions of the 
substrate; and a second stage where a bromine-coma.ning gas such as HBR gas was 
added to provide a higher etching selectivity to an underlying layer, such as an Siu,^^^^ 

layer especially during the etching oi puiybni^u,: n^dtena. - ■ 

.ay be altered for etching of other combinations of overlying and underlying materials 
as would be apparent to one of ordinary skill m the art. 

The present invention provides numerous advantages over conventional 
processes for etching materials and maintaining chamber surfaces free of etchant 
residues uniform and consistent etching rates were obtained for etching silicon- 
containing material having regions with different concentrations u, compositions of 
dopant or other materials. Etching rate variations of less than 50/0 were obtained in 
contrast to conventional gas composition that typically provide etching rates more than 
20% Moreover, little or no etchant residues remained on chamber surfaces even after 
etching of the substrate and the etchant residues appear to be uniformly cleaned from 
the chamber surfaces even when the thickness or chemical stoichiometry of the 
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JUe inve.itK).. hds been described with reference to certa.n preferred 
versions thereof; however, other versions are possible. For example, ttie present 
invention can be used in other chambers and applications, as would be apparent to one 
of ordinary skill. For example, the invention may be applied m sputtenng chambers, ion 
implantation chambers, or deposition chambers, or in combination with other cleaning 
processes. Therefore, the spirit and scope of the appended claims should not be limited 
to the description of the preferred versions contained herein. 


